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ABSTRACT

The CR acceleration due to shocks in the ISM depends
upon multiple crossings & c¢/3 v . & 10 per e-fold
energy gain. The up-stream lcnttc}fonrequired to produce
this barrier, is Alfvén wave turbulence. When the ratio (CR
pressure)/(B°/8n) = B > 1, the streaming velocity theoreti-
cally and observationally becomes 3> v £vé and, hence, no
effective up-stream barrier is likely Q% 8fst. If ol1 ISM
shock acceleration is limited to f << 1 and the average
galactic CR condition is f ¥ 1, then shocks in the ISM are
unlikely to supply the necessary acceleration. This is
particularly so for high energy CR's accelerated early in
the remnant history where B must be large and the number of
e-folds required ave large.

High energy CR's can be produced by the shock breskiag
out of thelgnvelopelénto the magnetosphere of the SN star
for E > 10 to 10 eV. It is usually as d that the
energy dependent escape fro*sthc Ga}sxy E > 10" eV produces
a stneper spectrum from 10 to 107" eV. Above this energy
SN's in all galaxies fill the meta galaxy with CR's with a
flatter slope. Conversely, an external source that attempts
to fill the Galaxy from the outside must have s still steeper
spectrum A @ -.73 to penetrate the diffusive barrier of our
galaxy yet maintain the Obleﬁsfd siope. This is unlikely
since the energy dcnlig,&at 10" eV in the meta galaxy would
be betwveen J0O to 10 of CR's ir this gslaxy or of the
order of 10 of the energy density of particles and fields
in the IGM.

1. Introduction

In a companion paper, O0G 4-17, the expcrimental evidence is
discussed of the fast escape of ionized matter from a bubble blown in
the esrth's magnetic field by a high altitude nuclear explosion. In
this case, the conditions of adisbatic decelerstion and trapping were
well satiofied but did not occur, presumadbly because the particle
pressure exceeded the field pressure. As discussed later, this is
also predicted by theory. The consequenre of this theory is that the
accelerstion of high energy cosmic rays by shocks in the interstellar
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medium is inhibited. Conversely, sufficient extragalactic accelera-
tion of high energy CR's is unlikely because of the spectrum expected
after diffusion into the Galaxy as well as the implied energy density
in the ISM. The consequences of the high B limit to Alfvén wave
trapping for shocks in the ISK is discussed in Sec. 2 and the high
energy spectrum in Sec. 3.

2 Cosmic Ray Pressure Limit to Cosmic Ray Acceleration in the ISM

The criteria for the Alfvén speed limit to particle streaming
velocity is skown by Holman et al (1979) to be equality between par-
ticle pressure and field pressure. It is also assumed in the CR-ISM
shock acceleration that every particle once crossing ahead of the
shocx always returns and the only loss is convection down stream away
from the shock and this loss determines the spectrum (Bell 1978;
Blauford and Ostriker 1978, 1980). The assumption of no loss ahead is
based again upon Alfven wave excitation by streaming because tortuosity
has toz large a scale > 100 pc (Heiles, 1976) compared to the remnant
size also < 100 pc. One has to ask if the ratio of cosmic-ray-
pressure/magnetic-field-pressure, f > 1, whether the streaming velocity
ahead of the shock could exceed the shock velocity and the particles
escape ahead of the ahock. One must remember that the pumber of
trials of this question per e-fnld cf energy gain is immensely large.
From Bell (1978), thia number, N = 3/4 ne/fv hock" Here n is the
compression ratio that must be ffg eer .han 3 f%c¥¥ifte an_fdequate
spectral index. Hence N 14 > 10" when Veh + 10 6™ 8y et the
maximum extent of the lhggf, assuming Valfve °§k3 %X 10" cm s in the
ISM. The streaming velocity as a functio& anﬂ has pot been adequately
investigated, but it would seem unlikely given this large number of
trails per e-fold that B wust be even as large as unity for the stream-
ing loss abead of the shock to be comparable to that behind. If P is
indeed limited to unity in the medium ahead of the shock, we can ask
whether the energy imput, by ISM shocks, {.e., the total supernova
shock remnsnt volume X B"/BR per cosmic ray age is large enough to
accelerate the cosmic-ray energy. We already know that the Galactic
cosmic-ray energy density is roughly the same as the magnetic epergy
deusity and may even exceed it by several fold which should be impos-
sible to achieve on this model, but assuming they are equal, we re-
quire that the mean total remnant volume swept out in the ccimic ray
age equals the total cosmic-ray galaxy volume. There is no advantage
in sssuming a large fraction of the remnant volume 1is in low density
"tunneis" becsuse here \nzlult sssume an equally low value of B or
worse, 8 lower value of B Hence, the most conservative sssumption
is_gthe mesn density from cosmic-ray age and |gt11ation is <n > = 0.3
ca _SC¢|nr|ky 1980) and choosing <B> = 3 x 10 = gauss, Vv ven = 10
ca 3 . Under these conditions, the radiative phase ofAefeeFe-nnnt
starts asrlier, ¥ 33 Pc (McCray and Snow 1979) and a smaller size of
the useful shock remmant ensues & 30 pc rather than 100 pc assumed by
Blanford and Ostriker (1980) for the low density tunnel regipns. Then
the, fondition .8 = 1 limitg the iucremental energy to < B"/8m & 4 X
10 erga, c@ “,B < 3 x 10 ~ gasuss and the energy input per SN becomes
<3 %X 10 ergs. This would be a marginal energy iaput. The effect
of regions of reduced field in tunnels, or a limit on f < 1 due to the
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necessary many shock crossing trials would further reduce this energy
input. In summary, the B = 1 Alfvén speed streaming limit imposes a
new and strong constraint on SN-ISM shcck models of cosmic-ray acceler-
ation and a more detailed an-lysis is required to substantiate the
present optimistic view.

3. Ultra High Energy Cosmic Rays

There has been no claim thst the supernova shock in the ISM
scceleration mechﬁginm can give ’iff to cosmic rays where energy is
greater than = 10 eV or less, 19 eV (Blanford and Ostriker 1980)
again because of the number of shock crossings reqw&;ed as well as a
limiting an?i radius. Fence, the spectrum abcve 10 eV and possibly
as low as 10 eV must be due to another mechanism.

We point out that if the origin is extra galactic, then the
source spectrum must be very strange indeel and somehow fortuitously
match the internal generated flux without a large singularity in
slope.

If ccsmic rays find it increasingly easy to diffuse out of the
Galaxy as their energy increases, then an external source must find it
more di{_icult to diffuse into the galaxy at 1qgfr energiel.18 The
steepening of the observed spectrum between 10 eV and 10 eV
(Watson 1930 and Cunningham et al 1980) is well explained by Bell,
Kota and Wolfendale (1974) an the decreased scattering of cosmic rays
as a function of energy by the magnetic inhomogeneity of H cloude in
the Galaxy. An external source would experience an inverse problem in
trying to diffuse into the Ualaxy. Here the destruction lifetime
within the Galaxy compared to thelfiffulion lifetime out becomes the
pertinent parameter. Since at 10 eV the two times are comparable,
we would expe:-t that an exterrsl source spectrum index would be flat-
tened by roughly the same amount as an internal source would bhe steep-
ened. The latter value (integral spectrum) is AI' & - 0.75 giving «n
index ' ¥ -2.45. Consequently, an exterzai scurce would have to have
a ﬁfecttallindex of T buerved + AI' ® -3.2. At tne same time shove
10 to 10 eV the exterhal source would require the observed rlope
of ' = -1.31. Thus, the external source would be required to Lave
fortui.ously a major change of slope Al & 1.9 just at the peculiar
snerpy where dirvect eacape of cosmic rays from the Galaxy becomes
possible. This seems very unlikely, elpecﬁslly when one considers
that in addition, the fluxes muct match at 10"~ eV where the diffusion
loes becomes significant.ly less energy dependent. Aside from the
unlikely nature of a gspectrum as steep as (integral) of = -3.2,
there arises a serious probles with the ensrgy density in thelgch.
Let us suppose ip order to miniamize the problem, that bel 10 eV
ths meta gslactic source cuts cff and that CR's below 10 eV are
galactic in orizin. Then the ep=»rgy density of CR's in the IGM will

L]
be larger than in the Galaxy ISM at 1015 eV by the ratic \'10“/101'.’)'3'r
- 102'25. But the Galactic epergy density at 1015 eV is
15,..9,1-T =3.7 .
ErgM 15 * CISH. 0 (10°7/107) % 10 €1gN-0° cIBH,O = CR encrgy in

-1.5 3
the Galaxy. Hence, Cron 2 10 GIBH,O' This is at leart 107 times
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the likely value of lean in the IGM and, bence, is most unlikely.

One is then forced to consider that CR's up to at least 1018 eV are
formedin the Galaxy. It would seem far simpler to have one source for
all energies withinlgll galqz}es. If this source flattens in slope by
AI' = +0.4 above 107~ to 10" eV as expected from SN i%ecta, then the
progreasively easicr escape from the galaxy above lg eV qg £ -1.0
produres the steeper observed spectrum and above 107 to 10~ eV the
loss from a}& galaxiss fills the meta galaxy to the level of the flux
observed 10 to 10 eV (Colgate 1974). This is the current picture
of the spectrum and flux produced by the shock ejection of the
envelope ~f Type I supernova.

Ackaowledgement

I am indebted most particularly to Albert Petschek with whom most
recent calculations have been done.

References

Bell, A. R., 1978, Mon. Not. R. Ast. Soc. 182, 147.

Bell, M. C., Kota, J., snd Wolfendale, A. W., 1974, J. Phys. A;
Proc. Phys. Soc. London, 7, 420.

Blanford, R. D. and Ostriker, J. P., 1978, Ap. J. 221, 1229,
1980, Ap. J. 237, 793.

Cesarsky, C. J., 1980, Ann. Rev. Astron. & Astrophys. 18, 289.

Colgate, S. A., 1974, Phys. Rev. Lett. 34, 1177.

Cunniagham, J., Lloyd Evaps, J., Pollock, A. M. T., Reid, R. J.
0., and Watson, A. A., 1980, Ap. J. 236, L71.

Heilzs, C., 1976, Ann. Rev. Astron. & Astrophys. 14, 1.

Holwan, G. D., Ionson, J. A., and Scott, J. S., 1979, Ap. J. 228,
576.

McCray, R. and Snow, T. P. Jr., 1979, Ann. Rev. Astron. &
Astrophys. 17, 213.

Watson, A. A., 1930, Q. Ji. R. Astr. Soc. 21, 1.

SAC/rep:51P



